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(54) LIGHT-EMITTING DIODE 



(57) A light emitting dio He 21 in which a through hole 
25 is provided in a glass epoxy substrate 22 which ex- 
tends from the upper surface 26a to the lower surface 
26b thereof, a transparent resin section 27 is used to fill 
the through hole 25, a light emitting diode element 29 
made of a gallium nitride based compound semiconduc- 
tor with a transparent element substrate of sapphire 
glass 30 is fixed on top of the transparent resin section 
27 using a transparent adhesive 37, and light blocking 
electrodes 33, 34 are prov ded on the upper surface of 
the light emitting diode element 29, and light emitted 
from the light emitting diode element 29 passes through 
the transparent resin section 27 and is guided out 
through a bottom surface 26b of the glass epoxy sub- 
strate 22. When the light emitting diode 21 is mounted 
onto a motherboard 41 , by dropping the resin sealing 
body 38 of the light emitting diode 21 down into an in- 
sertion hole 42 formed in the motherboard 41 , the height 
dimension of the mounted l ; ght emitting diode 21 mount- 
ed can be reduced. 
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torn surface of the base material is condensed, improv- 
ing the light emission intensity another level. 
[0015] Furthermore, in a light emitting diode accord- 
ing to yet another aspect cf the present invention, the 
aforementioned base material is any one of a glass 
epoxy substrate, a transparent resin substrate and a 
transparent glass substrate. 

[0016] According to this invention, by making the light 
emitted from the light emitting diode element passes 
through the transparent glass substrate side which is 
less likely to deteriorate on exposure to ultraviolet light, 
light emission of a good intensity level can be main- 
tained even after prolongec use. 
[0017] Furthermore, in a light emitting diode accord- 
ing to yet another aspect cf the present invention, the 
aforementioned non-transparent section provided 
above the light emitting diode element is either one of a 
pair of light blocking electrodes provided on the upper 
surface of the light emitting diode element, and a reflec- 
tive film covering the outer surface of the transparent 
resin sealing body. 

[0018] According to this invention, light emitted from 
the light emitting diode element is guided efficiently 
through the lower surface cf the base material. 
[0019] Furthermore, in a light emitting diode accord- 
ing to yet another aspect of the present invention, when 
the light emitting diode is mounted on a motherboard, 
the light emitting diode is mounted upside down with the 
resin sealing body droppinc into a hole provided in the 
motherboard, and the periphery sections of this hole 
connect the external connection electrodes of the light 
emitting diode with the wiring pattern of the mother- 
board. 

[0020] According to this invention , when the light emit- 
ting diode is mounted upside down on the motherboard, 
by soldering the aforementioned external connection 
electrodes to the wiring pattern on the motherboard, cur- 
rent can be carried to the light emitting diode element, 
and so the mounting operation is extremely simple. Fur- 
thermore, the height dimension by which the light emit- 
ting diode protrudes from tie motherboard can be re- 
duced dramatically. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

FIG. 1 is a perspective view showing a first embod- 
iment of a light emitting diode according to the 
present invention; 

FIG. 2 is a cross-sectional view showing the light 
emitting diode of FIG. 1 mounted onto a mother- 
board; 

FIG. 3 is a cross-sectional view similar to FIG. 2, 
showing a second embodiment of a light emitting 
diode according to the present invention; 
FIG. 4 is a cross-sectional view similar to FIG. 2, 
showing a third embodiment of a light emitting diode 



according to the present invention; 
FIG. 5 is a cross-sectional view similar to FIG. 2, 
showing a fourth embodiment of a light emitting di- 
ode according to the present invention; 

5 FIG. 6 is a cross-sectional view similar to FIG. 2, 

showing a fifth embodiment of a light emitting diode 
according to the present invention; 
FIG. 7 is a perspective view showing a sixth embod- 
iment of a light emitting diode according to the 

10 present invention; 

FIG. 8 is a cross-sectional view showing the light 
emitting diode of FIG. 7 mounted onto a mother- 
board; 

FIG. 9 is a cross-sectional view similar to FIG. 8, 
15 showing a seventh embodiment of a light emitting 
diode according to the present invention; 
FIG. 10 is a cross-sectional view similar to FIG. 8, 
showing an eighth embodiment of a light emitting 
diode according to the present invention; and 
20 FIG. 1 1 is a cross-sectional view showing a conven- 
tional light emitting diode mounted onto a mother- 
board. 

BEST MODE FOR CARRYING OUT THE INVENTION 

25 

[0022] Light emitting diodes of the present invention 
will be described below in further detail with reference 
to the appended drawings. 

[0023] FIG. 1 and FIG. 2 are diagrams showing a first 

30 embodiment of a surface mounted light emitting diode. 
In the surface mounted light emitting diode 21 according 
to this embodiment, a pair of external connection elec- 
trodes (a cathode electrode 23 and an anode electrode 
24) are formed by patterning on the upper surface of a 

35 rectangular glass epoxy substrate 22 which serves as 
a base material, and a through hole 25 with a square 
shaped cross section is provided in the central area of 
the glass epoxy substrate 22 and passes from the upper 
surface 26a thereof through to the lower surface 26b. 

40 This through hole 25 is filled with a transparent resin, 
forming a transparent resin section 27 which is substan- 
tially level with the upper surface 26a and the lower sur- 
face 26b of the glass epoxy substrate 22. In this embod- 
iment, a fluorescent material 28 comprising an yttrium 

45 compound or the like is dispersed within the transparent 
resin section 27, and converts blue light into white light 
through a wavelength conversion described below. 
[0024] A light emitting diode element 29 is installed 
on the upper surface 26a of the aforementioned glass 

50 epoxy substrate 22, substantially directly above the 
transparent resin section 27. This light emitting diode 
element 29 is a blue colored light emitting element made 
from a gallium nitride based compound semiconductor, 
and has a structure in which an n-type semiconductor 

55 31 and a p-type semiconductor 32 are grown on the up- 
per surface of a sapphire substrate 30 of transparent 
glass. Electrodes are provided on the respective upper 
surfaces of both the n-type semiconductor 31 and the 
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transparent resin substrate 47 with a transparent adhe- 
sive 37, and the upper surface of the light emitting diode 
element 29 is protected by- a transparent resin sealing 
body 38. The light emitting diode element 29 is mounted 
upside down onto the motherboard 41 , and irradiates 5 
light upward from the motherboard 41 , in the same man- 
ner as the previous embodiments. In this third embodi- 
ment, the entire transparen* resin substrate 47 compris- 
es the transparent body, and so the device is applicable 
to wide range irradiation. However, as with the previous 10 
embodiment, in those case's where an improved direc- 
tivity and convergence is required, a hemispherical lens 
section could also be provided at the lower surface 26b 
of the transparent resin substrate 47, or a fluorescent 
material dispersed within the transparent adhesive. is 
[0033] FIG. 5 is a diagram showing a fourth embodi- 
ment of the present invention. In a light emitting diode 
21 according to this embodiment, the base material is 
composed of a transparen; glass substrate 50, and a 
cathode electrode 23 and an anode electrode 24 are 20 
patterned on the transparent glass substrate 50 using a 
technique such as vapor deposition or etching. As with 
the previous embodiments, a light emitting diode ele- 
ment 29 comprising a gallium nitride based compound 
semiconductor is fixed with a transparent adhesive 37 25 
to the transparent glass substrate 50 which serves as 
the transparent body, and tie upper surface of the light 
emitting diode element 29 is protected by a transparent 
resin sealing body 38. However, in this fourth embodi- 
ment, a fluorescent material 28 has been dispersed 30 
within the transparent adhesive 37. 
[0034] In the same manrer as the previous embodi- 
ments, during mounting onto a motherboard 41 , the light 
emitting diode 21 is fixed upside down, with the resin 
sealing body 38 dropping, into an insertion hole 42 35 
formed in the motherboard) 41 . As a result, light irradi- 
ates upward from the motherboard 41 . The aforemen- 
tioned wavelength convers on occurs within the trans- 
parent adhesive 37 comprising the dispersed fluores- 
cent material 28, with the converted light passing 40 
straight out through the transparent glass substrate 50, 
and so a highly reliable while light emission of good in- 
tensity can be obtained over prolonged periods. 
[0035] FIG. 6 is a diagram showing a fifth embodiment 
of the present invention. In this embodiment, a pair of 45 
electrodes 33a, 34a are provided partially covering the 
upper surface of a light emitting diode element 29 com- 
prising a gallium nitride based compound semiconduc- 
tor, and a resin sealing body 38a for sealing the light 
emitting diode element 29 s formed in a dome shape, so 
The outer surface of the resin sealing body 38a is coated 
with a reflective film 48. In the same manner as the third 
embodiment, the base material is formed from a trans- 
parent resin substrate 47 with a fluorescent material 28 
dispersed therein. The pair'of electrodes 33a, 34a need 55 
not necessarily be non-transparent. The resin sealing 
body 38a is formed from a transparent resin material, 
and the reflective film 48 is formed by vapor deposition 



of silver or aluminum or the like. 

[0036] Consequently in this embodiment, because 
the electrodes 33a, 34a are only partially formed, light 
emitted from the light emitting diode element 29 in the 
direction of the resin sealing body 38a, passes into the 
resin sealing body 38a and is reflected by the reflective 
film 48. At this point, the reflective film 48 functions like 
a concave lens, converting the reflected light into a par- 
allel light beam 49 which passes through the transparent 
resin substrate 47. During this passage through the 
transparent resin substrate 47, the light excites the flu- 
orescent material 28 dispersed within the transparent 
resin substrate 47 and undergoes a wavelength conver- 
sion. 

[0037] Moreover, the light blocking electrodes 33, 34 
provided on the upper surface of the light emitting diode 
element 29 in each of the first embodiment through to 
the fourth embodiment could also be limited to partially 
formed electrodes. In such cases, light emission can be 
guided towards the lower surface 26b of the glass epoxy 
substrate 22 by forming the resin sealing body 38 of a 
non-transparent resin, thereby blocking the transmis- 
sion of light, or by providing a reflective film on the outer 
surface of the resin sealing body 38 in the same manner 
as the fifth embodiment. The shape of the resin sealing 
body in those cases where a reflective film is provided 
thereon, may be either rectangular or dome shaped. 
[0038] FIG . 7 and FIG. 8 are diagrams showing a sixth 
embodiment of the present invention. A light emitting di- 
ode 21 according to this embodiment comprises a 
square shaped transparent glass substrate 50, a frame 
51 on which are formed external connection electrodes 
53, 54 at the left and the right sides of the transparent 
glass substrate 50, and a light emitting diode element 
29 installed in the center of the upper surface of the 
transparent glass substrate 50. The transparent glass 
substrate 50, which functions as a transparent body, us- 
es typical colorless, transparent glass. 
[0039] In the same manner as the previous embodi- 
ments, the light emitting diode element 29 is a blue light 
emitting element comprising a gallium nitride based 
compound semiconductor in which an n-type semicon- 
ductor 31 and a p-type semiconductor 32 have been 
grown on the upper surface of a sapphire substrate 30. 
Non-transparent light blocking electrodes 33, 34 are 
formed on the upper surface of the light emitting diode 
element 29. 

[0040] The light emitting diode element 29 is fixed to 
the upper surface of the transparent glass substrate 50 
by a thick application of a transparent adhesive 37. A 
fluorescent material 28 comprising an yttrium com- 
pound or the like is dispersed within the transparent ad- 
hesive 37, and is able to convert the blue light emitted 
from the light emitting diode 21 to visible light of a longer 
wavelength. 

[0041] The external connection electrodes 53, 54 are 
formed on the square shaped plastic frame 51 which 
covers the outer periphery of the upper surface of the 
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sealing body of light emitting diode down into a hole 
formed in the motherboard the overall height dimension 
of the light emitting diode, including the thickness of the 
motherboard, can be reduced to a value smaller than 
conventional surface mounted devices, enabling the 5 
manufacture of thinner devices. 
[0051] Furthermore, in a light emitting diode accord- 
ing to the present invention light is emitted out through 
the base material, and so deterioration of the resin seal- 
ing body due to ultraviolet light is prevented. Conse- 10 
quently, a highly reliable device can be provided in which 
any decrease in light intensity is suppressed, even with 
continued use over prolonged periods. 



Claims 

1 . A light emitting diode prepared by mounting a light 
emitting diode element on an upper surface of a 
base material and protecting said light emitting di- 20 
ode element with a resin sealing body, wherein a 
transparent body is provided in said base material 
which extends from the upper surface through to a 
lower surface thereof, a light emitting diode element 
comprising a gallium nitride based compound sem- 25 
iconductor with a transparent element substrate is 
fixed on top of said transparent body with a trans- 
parent adhesive, a nor-transparent section is pro- 
vided above said light emitting diode element, and 
light emitted from said light emitting diode element 30 
passes through said transparent body to be guided 

out through the lower surface of said base material. 

2. The light emitting diode according to claim 1 , where- 
in a through hole is provided in said base material 35 
which extends from the uppersurface through to the 
lower surface thereof, and said transparent body is 
formed by filling said through hole with a transpar- 
ent resin. 

40 

3. The light emitting diode according to claim 1 , where- 
in a fluorescent material comprising an yttrium com- 
pound is dispersed and mixed into at least one of 
said transparent body tand said transparent adhe- 
sive. 45 

4. The light emitting diode- according to claim 1 , where- 
in a condenser lens section is provided on said low- 
er surface of said base material, below said trans- 
parent body. so 

5. The light emitting diode according to claim 1 , where- 
in said base material is any one of a glass epoxy 
substrate, a transparent resin substrate and a trans- 
parent glass substrate' 55 

6. The light emitting diode according to claim 1 , where- 
in said non-transparenfsection provided above said 



light emitting diode element is a pair of light blocking 
electrodes provided on an upper surface of said 
light emitting diode element. 

7. The light emitting diode according to claim 1 , where- 
in said non-transparent section provided above said 
light emitting diode element is a reflective film cov- 
ering an outer surface of said transparent resin 
sealing body. 

8. A light emitting diode, wherein when the light emit- 
ting diode according to claim 1 is mounted on a 
motherboard, said light emitting diode is mounted 
upside down, with said resin sealing body dropping 
into a hole provided in said motherboard, and pe- 
riphery sections of said hole connecting external 
connection electrodes of said light emitting diode 
with a wiring pattern of said motherboard. 



25 



30 



35 



40 



7 



BNSDOCID: <EP 1119058A1_L> 



EP 1 119 058 A1 




EP 1 119 058 A1 



Fig. 5 



21 




BNSDOCID: <EP 111905BA1J_> 



11 



EP1 119 058 A1 




EP1 119 058 A1 



Fig. 9 




15 



EP 1 119 058 A1 



Fig. 11 




2 10 



BNSDOCID: <EP 1 1 19058A1_I_> 



17 



EP 1 119 058 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOO/05038 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No 



JP, 11-186590, A {Rohm Co. 
09 July, 1999 (09.07.99), 
Fig. 8 (Family: none) 



Ltd. ) , 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



19 



11190S8A1_L> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP. BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEW ED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



